Lmesr Iiit©rfer©M€e Suppression BetedSon 



The present Invention groemily relates to commumcation sy$trais, and more 
particularly, to Spread Spectrum comnmm^^tion syntems having int^ersQce 
nutigatiQa capability 

Driven by the great amount of inters^ in developiag the wireless personal area 
networic (WPAN)» the IBBE 802.15 worldng groiip was formed working on the 
standard that provides low-cost, low-power consumption axid diort-distaiice (aioimd 
10 meters) transmission- To ease the development, the IEEE 302*15 working group 
accepted the suggestion of Bluetooth Special Interest Group to incorporate Bluetooth 
technology into the 802.15 standard, known as IEEE 802.15.1* However, the ij^age of 
Bluetooth technology on the unlicensed 2.4 GHz hand which is also the tmnanission 
hmd for many commimications systems (e*g. IEEE WLAN S02.11bs and HomeKF) 
suggests the probton of nmtoal interference frons these incompatihle protocols. 

To seek a solution^ the IBEE S02.15-2 task group was fomied to work on the 
coexistence issue between these protocols. Especially, the coexistexice between IEEE 
WLAN 802.11b and Bluetooth is of primary importance. As the 802.11b employed 
the direct sequence spread spectrum (DSSS) transmission technology wMle the 
Bluetooth employed frequency hoppmg spread spectrum (FHSS) technology, we are 
dealing the problem of the detection of a DSSS or FHSS signal interfered by multiple 
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DSSS and FHSS iiaterferrace. 



A great amomri: of work was done on Qie interferaic© suppressioii for the DSSS sigeml 
by its toherited ability to supprfiss the interference [1, 2, 3], On tbe other hand, file 
FHSS signal mitigates the interference by employing proper adaptive foqui^y 
hopfping mechanisms [4]. Bolii categories of these known interference suppression 
techniques iflilise the interference suppression nature of spread spectrum 
cosnmunicadong by ignoring iJic possible informadon from the interfferencs; 

Since 1986 [5], a new series of designs known as multiuser detectors were proposed 
to tnitigate ihe mxiltiple access interference (MAI) derived &om the simiiltaneously 
received DSSS signals in the same firequencrsr band. Among these known multiuser 
detectors, the linear-cosapleKity multi-user detectors [6, 7, 8] designed according to 
different design criteria do effectively mitigate the interference. Howesver, these 
de$igns were designed to suppress the DSSS interference only. 

In the detection of a direct sequence spread spectrum (DSSS) or frequmcy hopping 
spread spectrum (FHSS) signal int^ered by o&er DSSS and FHSS signals, the 
optimal detection based on the maximum a posteriori probability (MAP) criterion 
could be derived similarly as in muitii^er detection [5], Despite the optimal 
performance such an interference suppression detector stands, its dramattcally 
increased complexity to the number of interference sources suggests the need of a 
linear-complesity interference si^pression detector which cfectively suppresses the 
interference. Previous development on linear multiuser detection is subjected to the 
linearly modulated signals, such as the M-ary phase shift keying (MPSK) modulation. 
In the present invention, interference suppression detector to non-linear modulated 
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signals is also proposed. Partici^lm'ly, to meet tte specifications in IEEE 802.111^ 2m.d 
Bluetooth, the linear-complexity interference su^ression detectors are developed 
considering both &e presence of DSSS signals modulated by BPSK (or QFSK) aad 
the FHSS sigQals modidated by Gaassian fiequency shift keying (GFSK), 

Summary of IsTeEli^ii 

Previous technique cm atniilti-user detection was used to mitigate the interfer^ce from 
other DSSS sigaals. Ths present iaventioti extends its abiUly to mitigate the 
interference from FESS signals and/or DSSS signals* In addition, die koovm Knear 
multi-user detection is limited to the Hnearly modulated sigoalsg and the present 
invention extends its ability to even the non-linearly modulated signals. 

In one aspect of the present invention, a method and a system of mitigating 
intexference effects und^ a commioucadon environment including a first spread 
spectrum (SS) transmission scheme and a second spread spectrum (SS) transmission 
scheme in the same frequency band is proposed. The method comprises the following 
st&ps: (1) responsive to received signal, output number of signals of the fk^t SS 
transmission scheme and the second SS transmi^on scheme; (2.a) obtain the timing 
information of signals of the fir^ SS transmission scheme in the received signal when 
one signal of the first SS transmission scheme is detected before a predetermined time 
tl; (2,b) obtain the timing infoimation of signals of the second SS transmissicm 
scheme in flie received signal using the timing information of signals of the jSrst SS 
transmission scheme; (3) gmerate a plurality of linearly-modulated isignals; (4) 
correlate tibie received isignal based on the plurality of liaearly-modnlated signals to 
generate correlated oulputs; and (5) selectively produce an estimated infommtion 
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sequence carried fay ths signals of the first and the second SS txwBmk$ktn scheaise 
based on the correlated outpiits, 

Sncln a method and a system not only @3d:e£id the abiHty of conventional Immi multi- 
us^ detection to the FH-CDMA (Srequency hopping code division, multiple access) 
and the DS-FH-CDMA (direct sequciice and t&peacy hopping code division 
multiple access) multi-usesr coEnmunieations systems, but also remove the Uioitatioiis 
of the coisventiraal linear multi-user detection on liaearly modulated sigiJtals. In 
addition, the snultl-user ssmohrosdzers proposed in this inv^tion, which ^timate tise 
i^scdved timings, phases, wd amplitudes of ihe ixiterfering and ihe desired spread 
specttum signals with feasible complexity, fiirfher completa the interference 
suppression commanicatioiis systeia. 

This rttveatioa is applicable to various eaviroximeiits. For instance. It can be used to 
suppress the hostile and/or accidental sources of interfereuce. Moreover^, it can be 
i^ed to smtigate the interference traiismitted from other incompatible wireless 
communicatious systems which simultaaeousiy utilize the same frequency baiad in a 
legal manner. For CKample, the IEEE S02.1 lb, the IEEE S02 .15, HomeMv and etc aim 
the unlicensed ISM (industrial-soiejsce-medical) band ^ their taiget band taking rules 
from FCC (federal commonications conmiission). And the coe?ustrace issue on how 
to mitigate the mutual interference from these incompatible but legal protocols 
becomes the most challengiug t^k. 

Since the source of DSSS signals could be derived from the IBBE 302,1 lb devices or 
p^h^ps the IEEE S02-15,3 devices; the source of FHSS signals could be derived from 
the IEEE S02.1S.1 (Bluetooth) devices or the HomeRF devices, it cm be seen easily 



the appEcatton of Ms iisventioa to the co^stssnce issues t?f these pi?£>tocols/sp«cs. 



This mTe?ition is not Kcpited to tbs wkekss GommvmosdonB as it is equally a|S(plis:sible 
to ihe optical ccsmmraieations systesis (e.g. the HFC 0iybiid-£ber^as) aetwosto) 
md the wired qomsmsmcsdons systems to si^press the int^enence. 

la feet, the ability of the proposed linear inteirfeence sispp^ession detection is mst 
limited to the BSSS and FHSS signals. As long as we could retrieve the infdm3ati<m 
from the interference, the proposed detectioii csn be equally applied to si^spress the 
interference in any commmiications system* 

Brief Bescripfioia of tbe Drawings 

Tfee present invOTtion will become fully tmderstood ^um the detailed descrlptioii 
given hereia below with the accompanying drawings, given by way of illustratioii 
OBly and not intended to limit the ptssent invention. 

Fig.l illustrates the definitiori of the term "syncbronow" and '^asynchronous". 

Fig.2 illmtmtes the block diagram of present invention. 

Fig.3 illustrates flie flowchart of synchronization scheme. 

FigA illusteates an exemplar ^bocHment of obtaining phase and amplitude 

information. 

Fig.S illustrates an e^cemplsr embodiment of the synchromzation scheme. 
Fig,6 illuistrates another exemplar embodiment of the synchronisation scheme. 
Fig.7 illustrate the non-coherent timing estimation n^^eclianism. 
Fig-S illustrates an exemplar embodiment of the non-coherent tuning estimation. 
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Fag,9 iIIi3Stra$es tfae ^tailed block diagram of the synchronisstioa block. 

Fig. 10 aiustoCes tise derailed block diagram of the detection block. 

Fig. 11 illiistrates the flowchart of the contraction block. 

Fig.l2 illiistrates the mechamsm of the constractioa block. 

Fig. 13 illmtrates the flcwchart of the detection block. 

Fig. 14 illnstrates flie flowchart of the detection block. 

Fig.15 illiistrates the detailed block dia^^ of the construction block* 

Fig.l6 illustrates the flowchart of the detection block. 

Deteiled Bescrlpti® n ®f Presunt Inveiitloii 

One aspect of th^ present invention is used to mitigate interference effects imder a 
communication envaxonment including a &st spread spedmm (SS) tranamission 
scheme and a second spread spectrum (SS) transmission scheme in the same 
ftequeacyband 

To describe the invention clearly^ a JiTOiber of definitions of termg used herein are 
given as foUow$. 

The term "spread spectrum" used herein refers to a variety of radio transmission 
metiiods that continuously change feequencies or signal patterns. Direct sequeace 
spread spectrum (DSSS), which is used in CDMA, multiplies the data bits by a very 
fast pseudo-random bit pattern (PN sequence) that "spreads" the data into a large 
coded Stream that takes the full bandwidth of the channel 
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Frequency hoppiBg spr^ spectrum (FHSS) contmuously oliang^s flie center 
feqiiesicy of a coaventionsi earner sevml tim^s per seccmd acccjrding to a pseudo- 
random of ohamieH while chiip ^rread spectrum changes the earner &eqtjsncy. 

The torn "synchronous"' wd "agyiidiroj^oas" used h^in refers to a sat of overlapped 
sigsjals, wheran any two of fhe signals within the signals set satisfy the conditioffl that 
the symbols of these two signals are aiigaed suda that the begimung of same symbol 
within one signal m aligned with the beghming or ending of some symbol witbita the 
other signal., and a s$t of overlived signals are asynchronous provided th^r are not 
synchionous. Please refer to Fig. 1 for a better understanding of tJie definiticm. 

Please refer to Fig.2 for a block diagram illnstrstes the preser^t inventionj a received 
signal 200 is detected and sent to the identification block 2 10 and synchrouizatic&n 
block 220, wherdn identification blocA: 21 0 ouljmts mnnber 21 5 of signals of tie 
first and the second SS transmission scheme, 

Preferrably, the first SS transmission scheme is Direct Sequence Spread Spectrum 
CDSSSX and the identification block 210 also oii^tits the employed spreading 
wsvefetm 21 5 of DSSS signals in the received stgnai 200. The $econd SS 
transmission scheme is Frequency Hopping Spread Spectmm <PHSS), and the 
identification block also outpiits the hopping frequencies of FHSS signals in the 
received signal 200. 

In Fig.2, the synchronization block 220 obtams a timing information 230 of sigjiais of 
the first SS transmssion scheme and the second SS transmission scheme. refer 
to Fig, S for details of the synchronization block. When one signal of the first SS 
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tnmssnissioB sdiOTte is detected 510 before a predetemiiiied time tl 530. Obtain the 
timing infcxmatioii 525 of signals of the first SS tEansmissioa scheme in liie received 
signal. And obtwi the timing infijtmalion 540 of signals of the second SS 
transmksion ^ohsmo in flie received signal tjsing the tinrfng infosmadon 525 of 
signals of tiie fim SS transmission scheme. 

In if th© signals of the first and (fae second SS transmission scheme 300 
symhrnnom 310, assnmlng fhstmung of signals of the second SS tmnsmission 
^heme in the received signal equal to the timing of signals of tfje fet SS 
transmission scheme 320, And tlie phase and atiiplitade infomsation em also be 
obtained. In step 330, oblain a phase infoimation of signals of the first SS 
transmission scheme transmission scheme in the received signal. In st^p 340, obtain a 
phase of signals of the second SS trsosmission scheme in the receivsd signal a$isig the 
timing information of signals of the &st SS timsmission scheme* Whereas in step 
330> obtain an ampEtude infomiation of signals of the first SS transmission schexnie in 
the leceivsd signal; and in step 340, obtain an amplitude information of signals of the 
second SS transmission scheme in the received signal using the timing information of 
signals of the first SS trammission scheme. 

Please note that the step 340 and 33 0 is interchangeable^ which means we csn perfomi 
the step 340 first then 330, or vice versa. 

In one exemplar aspect of the present invention, the phase and amplitude infomiation 
can be obtained as shown in Fig-4. M the first and the second SS transmission seheme 
400, selectively on^utting a chosen signal with a time delay 410, wherein the time 
delay is detemiined by the timing iafonnation of the first and the second SS 
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trammissicm soh^e. Calcmiale the oombisiation coefiScimts based on the timing 
infismaticm of tiie first and the second SS trammission seb^e 420, Then correlate 
the received signal witla the chosen signal 430 to prodiice correlating ou^uts. In step 
440> linesBrly combine the ctirrelating outputs using the combination coefficients. And 
finally obtain a phase and ansplitude of the ohos^ signal using th© linear combination 
output 450, 

Please refer to the Fig, S for the asynchronous case, when there is no signal of first 
SS tratismission sdieme is detected 510 after Uie predetemdnsd time tl 5 15, ot^in 
the tuning infomiation of signals of the secosd SS transmission scheme in the 
received signal 520- Furthennote, a phase information of signals ofthc second SS 
traz^Emission sch^€ in the received signal 520 when there is no signal of thi?,fiist SS 
traosmission scheme is detected 510 after the predetermined time tl 515. And in. the 
meantimes we can obtain an amplitude infonnadon of signals of the second SS 
tz^smission scheme in the received signal 520 when there is no signal of the first SS 
transmission scheme is detected 510 after the predetermined time tl 515. 

Also in Fig* 5, as mentioned before, the pb^ and amplitude information of the first 
and the second SS tratismission scheme can be individually, or jointly obtained issing 
the fbllowing steps; Obtain a phase/amplitude information of signals of the first SS 
tzansnrission soheme in the received signal 525 when one signal of the first SS 
transmission scheme is detected 510 before a predetemmed time tl 530* Obtain a 
phase/amplitude information 540 of signals of the second SS transmission scheme in 
the received signal using the tinsiag iaformation 525 of siguals of the first SS 
transmission scheme. 
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In the asy^ichrottous case, tlie preseat mr^on utilise the asynclironous nature to 
possibly estimate tfe@ received timing, pime and ampEtude of the first SS 
transmission scheme before the recqjtion of ttae secotid SS transirdssion scheme. 



Such m synchrcmi^atlon (thning, phase and amplitude estimation) mechatuszu ignores 
the possibility that ths signal of the first SS transmksion scheme is ssceived after tim^ 
tl, thus its performaiice might be degraded. 

Therefore, anoiher exemplar a^ect of the present inventfoia is illustrated m Fig.6. la 
Fig.6, whm one signal of the first SS transmission scheme m the received signal is 
detected 610 sfler a predetemsined time t2 625, peeking other frequency bands 630 to 
obtain a fiist timing infisnnation 640 of sisals of the first SS transmission scheme in 
the received signal. Here the tesan "other frequency bands" refers to frequency bands 
that contain the signals of the first SS transmission scheme. When one signal of the 
first SS transmission scheme in the received signal is detected before ±e 
predetetmined time t2 625^ in step 630, obtain a second timing information 650 of 
signals of the Srst SS tran^isslon sch^e in the received signal. Then obtain a 
timing infcrmation 660 of signals of the second SS tran^ssion scheme in the 
received signal using the first 640 and the second timing information 650 of the 
signals of the futst SS li^nsnussion scheme. 

The flow diagram in Fig,6 can be used to obtain the phase and amplitude information 
of signals of fixe first and th$ second SS liansnrission scheme. When one signal of the 
first SS tranatnission scheme in the received signal is detected after a predetermined 
time t2 625^ peeking other freqnency bands 630 to obtain a fest tiiaing and phase 640 
information of signals of the first SS transmission scheme in the received signal, 
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When om signal of the first SS transmission ^heme in &@ received sign^ is d^teotot 
b6&r0 the predetennmid dnxa £2 625» in step 635 obtain a si&coiid timing and phase 
information 650 of ^grols of the ft^ SS transmission scheme in the reowed sigmal. 
Thai cbtaitt the timing and phase in&nnation of dgEids of the second SS 
traBsmission scheme 660 in the received signal using the &st 640 and the second 
timing and pbam infoimadon 650 of the signals of the first SS tmmmis$ion scheme. 

Willie the amplitude infbnnadon of dgsials of ths Esst and the second SS transmission 
scheme can be ohtaisn^ in ttie same way. Th© mdhod mentioned above can jointly 
^mat€» the timing, phase and amplitude information of signals of the &st and the 
second SS transmission schema In Fig,6, when one signals of the fkst SS 
transmission sdieme in the received signai is detected after a predetennined tune t2 
625, peeking other frequency bands 630 to obtain a first timing, phase and amplitude 
information 640 of signals of the £t$l SS tmsmisslon schema in the received signal 
When one signal of the first SS transmission scheme in the received signal is defected 
before the predetermined time t2 625, in step 635, obtaining a second timing, phase 
and amplitude iniS^nmtion 650 of signals of the first SS transmission scheme iai the 
received signal By using the fest 640 mi the second timing, phase and ampKMe 
information 650 of the signals of the &st SS traai^i^on sdieme, 660 obtain the 
timing phase^ and amphtnde in&tma.tion of sigoais of the second SS transmission 
scheme in th@ r^cdved signal. 

Fig. 7 is a detailed descdptioa of the step 660 of obtaining the timing infonnatim of 
signals of the second SS transmission scheme in Fig,6. In the past, joint estimation on 
the received timing, pha^e and amplitude is of great complexity. Here, the joint 
estimation can be simplified by implementing the non-coherent timing estimation, 
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which is shown in Sib flow diagram of Fig.7. The steps aie described Mlowed: 
Perfbim following steps for M times: (1) in stqs 710, perfomi the coarse timing 
estimstioii 720 of signals of tiie second SS transnrission schsme in the received signal 
to obtain assume aa initial received timiiig estimate r , (2) In step 730^ calculate aa 
intermediate timing 740 of signals of the secosid SS transmission scheme in thg 
r^eived sigaal using tiie timing information of signals of the first SS transmission 
scheme in file t^fteived signal and tte initial received timing estimation r . (3) In st^ 
750, obtain aa intermediate phase, amplitade 760 of ^gnals of the second SS 
tran;5mi$sioii scheme in the received sigssal based on the mtennediate timing 740, 
After repeat *e above st^ for M times^ obtain the timing, phase and amplitude 
information 780 of signals of the second SS transnussion scheme by averaging the 
intemediate timings, phases and amplitudes obtained by M 770, Snch a mechanism 
can be used solely to estimate the timing, or jointly estimate the timing, phase and 
amplitude. 

In an exemplar embodnaent illustrated in Fig*8, the first transmission scheme refers to 
DSSS, and the second transmission scheme refers to FHSS, the received signal is 
denoted as r(n,r), r^^and r ^represesi^ the timiag of DSSS and FHSS sigaal 
respectively. The flowchart depicts the non-coherent timing estknation of the FHSS 
signal interfere by aDSSS signaL The resulted t ^'"^^^^.^^{n) is the intemi^diate 
timing 740, 

Fig.9 depicts the detailed block diagram of the synchrom^ataon block 220 in Fig.2- 
The synchronisation block 220 is used to obtain a timing information of signals of the 
first SS transmission Scheie and the second SS transmission scheme, wMch 
comprises a first block 9G0 for selectively obtaizung the timing infoimatioii 91 0 of 
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sigiaals of the first SS transmission scheme m the received sigjial 200; a secoad block 
920 for sdecfiwly obtaining the timing infermatioa of signals of the second SS 
trsnsmiasioii scheme in the recdved sigrial using the tizmxig informatim 91 0 of 
signals of the first SS tmnsmission scheme; a third block 921 assuming Ifacj timing 
950 of Signals of the second SS transmission scheme in fee received signal equal to 
the timing 910 of sigaaals of the first SS transmission scheme when signals of file first 
and the second SS tnmsmi^sion scheme are synchionons. 

Hie first block 900 ©an also obtain a ph^e information 910 of signals of the first SS 
transmission scheme traasmissioti scheme in the received signal 200; and the second 
block 920 can also obtain a phase 920 of signals of the second SS transmission 
scheme in the received signal 200 using the timing information 910 of signals of the 
first SS transmission scheme. The amplitude of the first and the second SS 
transmission scheme^ or the joint tinaingi, phase amplitude estimation can be 
obtained in tiie same manner. 

la Fig. % the synchronisatioa block further comprises a fourth block 925 for 
selectively outpulling a chosen signal 926 with a time deiay in the first and the second 
SS transnisgion scheme, a fifih block 93S for calculatii^ combination coefBcioits 
936 based on the timing inftwrmation of the first and the second SS ttansmission 
scheme; a sixth block for cosrelating the received signal 200 with the chosen sigtial 
926 to produce correlating outputs 940^ a seventh block 945 for linearly combining 
the correlating outputs 940 using the combination coeflBcients 936 to produce ihaear 
combinatioa ou^uts 946; an eighth block 955 for obtaining a phase and amplitude 
930 of the chosm signal 926 using the linear combination output 946. 
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In. th« synchroflizatiim block 220, the second block 920 ftsiUier obtaiias the timing 
in&mnaticn of signals of the second 3S transmissioii schme in tbe recdyed sigsia! 
when there is no signal of the fSr$t SS trawsssrissiota scheme is detected afi©r tiie 
piedeteimmed time tL The phase and amplitude infomiatioa cm also be ohtaisied in 
the same way. 

And the first block 900 in the synchioaisation block 220 flirther selectively peeing 
other fiiequency bands to obtain a first timing infomiation 910 of signals of the tot 
SS tran^ni^on scheme in the received signal; and &rther selectively obtains a 
second timing information 910 of signals of the first SS transmission scheme in the 
received signal; 

The second block 920 fiirther selectively obtains a timing infoimation of signals of 
the second SS transmission scheme in the received signal using the first and the 
second timing infonnation 910 of the signals of the first SS transmission scheme. And 
w$ can get the phase and amplitude infotmation of the first and the second SS 
transmission scheme as welL 

In Fig-9j the sytxchroilisstion block jSarther compiises a repeating block 960 for 
performing the following steps for M times: (1) assxjming an initial received timing 
estimate r of signals of the second SS transmission sch^ne in the received signal; 
(2) calculating an Intermediate timing of signals of the second SS transmission 
scheme m the receive signal using the timing mS^rmation of signals of the first SS 
transmission scheme in the received signal and the initial received timing estimation 
r ; (3) obtahaing m sntenncdiate phase, amplitude 962 of signals of the second SS 
transmission scheme in the received signal based on the intennediate timing; 
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Ths syncbroniaation block 920 furtiiet couches an averaging block for obtaming the 
timing, phase and amplitude iafoimsdon 930 of sigjials of the second SS transmission 
scheme by av^giag the infiamediate dmisags, phases and amplitiutes 962 obtained in 
the repeattng means by 

Furthermoi^, in Fig-2, the predetermined block 235 generate a plurality of Bnearly- 
modulated sigiials 260. and the detection block 270 correlates fts recdved signal 200 
based on the plurality of lin^ly-modulated signals 260 to generate cotrelaSed outptit^; 
based on the correlated outputs, the detection block 270 selectively produces an 
estimated information sequence 280 earned by the signals of the first and the second 
SS transniissioB scheme. 

In another exOTiplar aspect of ttie invention, wherein a system for mitigating 
interference effects under a communication environment including a Direct Sequence 
Spi^ Spectrum (DSSS) signal and a Frequency Hopping Spread Spectrum (FHSS) 
signal in the same frequency band, please refs: to the block di^am in Fig^- The 
system comprises an identification block 210 for outpunmg number and spreading 
waveform 215 of the DSSS signals, and outputting number and hopping firequenciea 
215 of the FHSS signals; a synchfoni^on block 220 for obtainmg timing of the 
DSSS signals and the FHSS signals; a cot^tmction block 240 for selectively 
outputting a plurality of linearly-modulated signals 245^ a calculation block 250 fcr 
ca3cuiating combination coefficients using the timing information of the DSSS signal 
and the FHSS signal. 

Furth^ore, in Fijg.2, the detection block 270 for correlating the received signs! , 
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finther coxiapiises {iflustratsd in Fig-10): a first block 1010 &r correlating the received 
signal with DSSS signal; a second block 1020 for using a FHSS signal in &0 plvorality 
of lisnearly-iuodxilated to produce a FHSS signal 102S with time delay, wherein the 
time delay is determined by received timings of tte FHSS dgnak. 



And the detection block 270 also includes a third block 1030 for correlating the 
received signal with the FHSS s^nal with time-delay; a &urth block 1 040 for 
generating linear combinaticsn ou^nts 1050; a Sf£h block 1060 for selectively 
producing an estimated in&imation sequence 2S0 earned by the DSSS signals and the 
FHSS signals based on the linear combination outputs 1050, 



Fig. 11 shows the detailed flowchart of the exemplar aspect of the present invention- 
Please note tl^t the Srst SS transmission scheme and the second SS tran§mi$sio{i 
scheme refer to DSSS and FHSS signals respectively. At first, responsive to a 
received signal, output number and ^reading waveform of the DSSS signals^ and 
number and hopping frequencies of the FHSS signals; then obtains timings of the 
DSSS signals and the FHSS sigtiak; 

If the DSSS signals and the FHSS signals are linearly-modulated 1 100, outputs a 
plurality of linearly-modulated signals, 

Preferraibly, if the DSSS and FHSS signals are asynchronous 1130, perfosxning the 
following equation 1160: 

spEtting S^t-T) into S,(t=T) into Sk««(t)={ a'Sl^'''^*™''''*^ 
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wherein St(t) is a FEES or DSSS signal having a diiration of T; 
thea outputs a ptoali^ of linearly-modulated signals IISO based on the aborve 
equation 1160. 

If the DSSS and ths FHSS signals aee syinqbionous 1130, step 1 150 outputs the DSSS 
sigaals md the SUSS sigiials as a plralily of lineariy-modulated signals 1 1 80; 
collating the received signal based m the following stqjs* FigJ2 depicts ifcfi 
raticmale of how to split the asynchronous signal into synchronous signals. 

FurthOTnore, iTxFig.l3 » calculate a combinatioacosffideart 1310 using the tuning 
infomation of the FHSS signals and tfie DSSS agnals; conrelate the received signal 
with DSSS signal 1320; use a FHSS signal in the piuiality of linearly-modulated to 
produce a FHSS si^al with time delay 1330, ^^in the time delay is detemuned by 
received timings of the FHSS signals; correlate the received signal with the FHSS 
signal with time-delay 1340; generate linear combination outputs 1350 based on the 
output of step 1310- 1320 and 1340; and selectively produce an estimated tnfosnatton 
sequence carried by the DSSS signals and the FHSS signals based on tiae linear 
combination outputi^ 1350. 

The above method can also be applied to the communication environment inchiding a 
Frequency Hopping Spread Spectrum (FHSS) signal and a Frequency Hopping 
Spread Spectrum (FHSS) signal in the same fequency band with little modification. 
In this cotnmunication environment, l^e system compri^^ an identification block 210 
for outputting number and hopping firequencles 215 of the FHSS signals; a 
synchronization block 220 for obtaining timings of the FHSS signals; a coastructiom 
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block 240 for selectively oniputting a pliiraKty of linearly-modulated signals 245; a 
calcijlation block 250 for calculating t^mbinadon coefHcients using the tiismg 
information of the FHSS signal* 

And in FigJ^^ Uie detection WoQk 270 for correlating tia© received signal finther 
coi!imses(iibstrated inFigJO): asecond block 1020 forusing aFHSS signal ira the 
plurality of linearly-ltiodulaSed to produce a FHSS signal 1025 with time delay, 
wherein the time delay is detesmined by received timings of the FHSS signals. 

And the detection tjlock 270 also includes a third bbck 1 03 0 for coirelating the 
received signal with die FHSS signal with time-delay; a fourth block 1040 for 
generating linear combination outputs 1050; a fifth block 1060 for selectively 
producing an estitjmted infomistion sequence 2^0 earned by FHSS sigiials based on 
the linear combination outputs 1050. 

Fig. 1 1 shows the detailed flowchart of the exemplar aspect of the present invention. 
Please note tfiat the first SS transmission scheme and ttie second SS transmission 
scheme both refer to FHSS signals. At fiist, responsive to a received signal, output 
mmber and hopping frequencies of the FHSS signals; then obtains timings of the 
FHSS signals; 

If the FHSS signals are lineariy-modalaSed 1100, outputs a plurality of linearly- 
modulated signals. 

Preferably, if the FHSS signals are asyncbronows 1130, performing the following 
equation 1160: 
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spUtting S(t(t-T) into S^CM) into Sk^'X^)= otherwise 



wherdn S^CO is a FHSS sigiaal haviug a duration of T; 
then <st3rf^uts a pliiraliiy of linearly-modulated signals 1 ISO on the above 
equation 1160, 

If ae FESS signals are synohroisons 1130, ouftnits the FHSS sisals IISO plurality of 
linearly-modulated sipials 11 80; conflating the received signal based on the 
following steps, Fig.l2 d^icts the rationale of how to spUt the asynchronous signal 
into synchronous signals. 

Please note that in Fig, 11, the step 1110 and the step 1130 are interchangeabH which 
means upon reception of the signals of the fi^ and the second SS transmission 
scheme^ we can determine if the signals are synchronons beforehand, and then 
determine if the signals are linearly-modulated. The ordering of step 1110 and 1130 in 
Fig.ll has no significaiat fanportance- 

Furthermore, in Fig.13 , calculate a combination coefBoient 1310 using the timing 
information of the FHSS signals; use a FHSS signal m the plurality of linearly- 
modulated to produce aFHSS signal with time delay 1330, wherein the time delay is 
detemiined by received tmrings of the FHSS signals; correlates the received signal 
with the FHSS signal with time-delay 1340; gener^ss Uijear comhinadon outputs 
1360 based on the output of atefs 1310 and 1340; and selectively produce an estimated 
infonnation sequence carried by the FHSS signals based on the Bnesp: combination 
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outputs 1360- 



Still in another exemplar aspect of the present mventkm, in Fig. 11, a system of 
mitigatiiig interference effects under a commmikation ^vkonmmt iiicluding a first 
spread spectnnn (SS) transmission scheme and a second ^ead spectrum (5S) 
transmission scheme in the same &€queiicy is pioposed» which comprises: m 
identificatiou block 210 for outputdng number of signals of the first transmission 
scheme^ and nxmiber of sigoals of the second SS transmission scheme. 

Preferrabiy, the first SS traiisnaissioia. scheme is Direct Sequence Spread Spectom 
(DSSS), and the identificatioiL block 210 fiirther identifies an employed spreading 
waveform of signals of DSSS in the received signal 200. Tlxe second SS transmission 
scheme is Frequency Hopping Spread Spectrum (FHSS), the identification Mock 210 
fisrther detects the hopping firequency of signals of FIKS in the received signal 200. 

Also in this exemplar aspect of the invention, the system includes a synchronization 
block 220 for obtaining a timing information of signals of the first SS transmission 
scheme and the second SS transmission scheme; a comtmction block 240 for 
selectively generating a plnrality linearly-modulated signals, fijrther coB3pEising a first 
block 1510 for producing a first plurality of linearly-modulated signals 1515 by 
constructing extra signals to the signals of the first aoad the second SS transmission 
scheme; md a second means for generating a plurality of linearly-modulated signals 
245 using the first plurality of linearly-modulated signals 1515; and a detection block 
270 for correlating tiie received signs! 200 based on the plurality of linearly- 
modulated signals 245 to generate a correlated outputs; and selectively producing m 
estimated infonnation sequence 280 carried by the signals of the first wd the second 
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SS transnaissiQa scheme Isased on Iftie cosrelated oit^uts 



Prefenably, th$ coE^tsuction blook 240 also moludes a IhM block 1530 for sdectiwly 
perfommg the followisg efusdon: 

flitting Sfc(t-^) Mo S^.(M) mto Sk^ ^(t)'^{ o, aUirawiw 

otherwise 

wherein S^) is a signal of the first or the second SS farasmission scheme in 
the first pluralitK of linsarly-modtilated signals having a dur^on of a fourth block 
1540 for outputfeing aplmalily of linearly-modulated signals 24S based on the above 
equation; and the first blodc 1510 fisrther selectively outputs the first ptoality of 
litxearly-modulated signals as a plurality of linearly^modiilated signals when the first 
plurality of linearly-modulated signals are synchronous. 

Fig. 1 1 shows the detailed operation of the mechanism mentioned above, in step 1 140, 
if the first plurality of linearly-modulated signals are asynchronous, performing the 
following equation 1170: 

spHttingSi,(t-t)lnto S,(t-T) mto Skt^^(t)-{ o. oth«v«s* 

hK> 'It)— \ 0,Q&erwise 



wherein §^(0 is a signal of the first or the second SS transmission sohieme in 
the first plxirality of linearly-modulated signals having a duration of T. 
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Afterwards, ontpui a plraality of linearly-modulated signals 1180 based otk the above 
equation 1170. If the first plurality of Imearly-modubted signals synckraaons 
1 140, autpist the first plurality of linearly-inodulated signals as a pltsrality of liaeariy- 
modulated dgnals IISO; 

In fig.145, the detectiasi meam block 270 fiirfii^ selecdvdy perfhrms tiho followis^ 
steps: findiHg a first linear combizration of tiie correlated outptits using a combimtioii 
coefficieaiiB 1140s whereixi the combi?isiion coefficients are calculated usidg the 
tkaings of the signals of the Sist md the second SS iraiismission scheme; findiag a 
second Une^ combination of the coa^ated outputs 1410 usiBg the combinatiom 
coefficients; finding a difiference 1420, then the absoluto value of difference between 
the first combination and the second combination of the correlated outputs; finally, 
performing sign test 1440 to the difference of absolute value to find the estimated 
ijsfonnation sequence 2S0. 

If a signal in lie first and the second SS transmission scheme is linoarly 
modulated, wherein the estimated information sequence is carried by the signal^ 
the detection block 270 further selectively performs the following steps, as 
iUiistrated In Fig. 16: finding a linear combination of the correlated onlpists 
1610 using combination eoefficients, wherein the combination coefficients ^ 
calculated using tib.e timings of the signals of the first and second SS 
trmismission scheme; in step 1620, selectively producing an estiimted 
information sequence 280 carried by the signal by using the linear ccsmbimation 
outputs 1610 



4IPC200003US 



22 



And in another exemplar aspect of the invention, a syst^ fer mitigatmg interfer^ce 
effects under a conunmricadon eirdroimGat including a ik^t Direct S^squence Spread 
Spectrum (DSSS) signal and a stooM Direct Seqaenee Spread Spectrum (SS) sigsiai 
coesistiBg in tbs same firequenoy hmd is propose. Please refer to Fig^, the sysian 
comprises an identification hlvck 210 for taiitpmting mmber and spreading waveform 
of th© DSSS signals; a synchronizatioii block 220 for obtaiisiaig a timing informatioG 
of signal of flie first DSSS sigiml and the second DSSS sign^. The synchromzation 
block 220 compris6$ a first block 910 (Please refer to Fig.9) &«: obtaimng the timing 
infoimatiton of the first PSSS signal in tlis received signal wlien one signal of tie first 
SS transmission scheme is detected before a predeteimined time tl; and a second 
block 920 means for obtaining the dming infoiiuation of the second DSSS sigoal In 
the received signal using the timing infermation of the first DSSS signal. 

The system also includes a generation block 235 for generating a plurality of linearly- 
modulated signals; a detection block 270 for correlating the received signal based on 
the plurality of linearly-modulated signals to genera correlated outputs; and 
selectively producing an estimated information sequence 2S0 cariied by the first 
DSSS signal and the second DSSS signal based on the conflated outputs. 

Tlns invention is ^plicaWe to varions environments. For instance^ in iho DSSS 
signals co-existing environment mentioned above, it can be used to suppress the 
hostile and/ot accidental sonrces of interfejcence. Moreover^ it can be used to mitigate 
the interferoice transmitted &om other incompatible wireless communications 
systems which simultaneously utilize the same firequeoey band m a legal manner. For 
example, tiie IEEE 802Jlb, the IEEE S02.155I HomeRF, and etc aim the unlicensed 
ISM (industrial-science-medicai) band as thdr target band taking rules firom FCC 



(fedsial commimications commissioii), AM tlie coeslgtrace issue on how to mitigate 
tbe mutual iaterierence Scorn th^e mconapatibte but legal protocols becomes liie most 
challeagmgtask. 

To better illiMrate the preseiit mventioii and the various embodinaenfe, please 
refer to the appesidix: "Linear InWrS&rwoQ Suppression Detection to the FHSS 
and DSSS Coraistent Esviromjent in the Same Frequency Band'V by the 
invOTtor, which is not disclosed yet And the peters md patents cited are listed 
in the appendix* 

la the fef egoing specificadon the inveation has been described with refermce to 
specific axetnplar aspects thereof. It will, howeveij, be evident that various 
modification and changes may be mMe to thereto wi^out departing from the broader 
spirit and scope of the invention. The ^ecification and dra;wings aie, accordingly, to 
be regarded in an illustrative rather than restrictive sense. 
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